In this paper, a new method is introduced to solve a two-dimensional Fredholm integral equation. The method is based on the approximation by Gaussian radial basis functions and triangular nodes and weights. Also, a new quadrature is introduced to approximate the two dimensional integrals which is called the triangular method. The results of the example illustrate the accuracy of the proposed method increases.
Introduction
In recent years, some numerical methods have been proposed to estimate the solution of one-dimensional and two-dimensional integral equations such as [1, 2, 7, 8] . RBFs played an important role in approximation theory to introduce a new basis in numerical solution of integral equations [3, 5, 9, 10] . In this work, the Gaussian radial basis functions (RBFs) is applied to solve the two-dimensional Fredholm integral equation of the second kind as follows, In section 2, the RBFs and properties of them is introduced. In section 3, we offer the triangular quadrature method . In section 4, the RBF-triangular method is proposed to obtain the solution of the two-dimensional Fredholm integral equation (1.1) and in section 5, a numerical example is solved and compared with the results of the method in [7] .
Preliminaries
Definition 2.1. The function ϕ on X is said to be positive definite on X if for any finite set of points A real-value function F on an inner-product space is said to be radial if F (x) = F (y) whenever ∥x∥ = ∥y∥. Now by using above theorem, we can find many strictly positive definite functions or (RBFs).
thenf (x) = 1 1+x 2 . Radial basis functions were introduced in [4] , and we use these basis functions to approximate the function F (x, y). Let ϕ(r) be a RBF, we know that it interpolates data ((x k , y k ), z k ) for k = 0, 1, . . . , n uniquely. Therefore:
, and coefficients c k are determined in such way that:
Introducing triangular quadrature
In this case, a new quadrature method is used to approximate a two-dimensional integral. For this purpose, we consider the two-dimensional basis functions 1, x, y, xy, x 2 , y 2 , . . ., and calculate the weights such that the method is exact for these basis functions. We know there is no Haar space in R 2 , therefore we must consider the node points conditionally. For this purpose, we consider the nodes in shape of triangle, (see [4] , section 10) and the following quadrature is introduced:
n , we call these points triangle nodes. The weights w i are calculated numerically. For example if n = 2 then the weights are:
respected to the basis functions: 1, x, x 2 , y, xy, y 2 .
Main idea
In this section, the RBFs are used to approximate the solution of the following integral equation by discretizing the two-dimensional integral via triangular nodes.
Let ϕ(r) be a strictly definite function or RBF, then we approximate u(x, y) by the function ϕ(r), i.e.
u(x, y)
Also (x i , y j ) are the node points. Now by substituting Eq. (4.4) in Eq. (4.3) we have:
For obtaining c ij , i, j = 0, 1, . . . , n in the Eq. (4.5), we consider the points (x, y) = (x i , y j ) for i, j = 0, 1, . . . , n, where that (x i , y j ) are triangular nodes, we have:
By applying the triangular method mentioned in section 3, we can approximate the integral in Eq. (4.6) and hence this equation can be written as follows:
where:
This is a linear nonsingular system of equations, by solving this system, we obtain the unknown vector C T .
Numerical Example
In this section, a numerical example is solved to show the efficiency of the proposed method. The program has been provided by MAPLE.
Example 5.1. Consider the following two-dimensional linear Fredholm integral equation [7] :
where ( [7] . In this example, we consider ϕ(r) = 
Conclusion
In this paper, a new method based on the RBFs and triangular method was presented to solve the two-dimensional Fredholm integral equation. The proposed method is very simple and accurate to obtain the approximate solution of integral equation. Also, a new and efficient quadrature method was suggested is called triangular method to approximate the two-dimensional integrals. The results of the example illustrated the importance of using this method.
